General methods, synthesis and characterization
All chemical reagents and solvents were analytical grade and purchased from commercial suppliers.
1 H NMR and 13 C NMR spectra were recorded on the Bruker AV-300 and AV-400 spectrometer with chemical shifts reported in ppm (CDCl 3 , TMS as internal standard) at room temperature. Mass spectrometry was recorded on an HP 1100 LC-MS spectrometer. UV-vis absorption spectra were recorded on a Varian Cary 100 spectrophotometer. Fluorescence spectra were measured with a Varian CARY Eclipse Fluorescence Spectrophotometer. Spectral-grade solvents were used for measurements of UV-vis absorption and fluorescence. 1,3-Beta-D-Glucan from Barley (G6513 Sigma, β-D-Glucan from barley, ≥95% (HPLC), CAS Number 9041-22-9 Linear Formula (C 6 H 10 O 5 ) n MDL number MFCD00466918 PubChem Substance ID 329799952) was used throughout the experiments, as received.
Synthesis of a new Coumarin-Based Boronic Acid Sensor for saccharides
General scheme: (74 %); (d) 2-(bromomethyl)phenylboronic acid pinacol ester, K 2 CO 3 , ACN, reflux.
Synthetic procedures:
The 3-azido-7-hydroxycoumarin 1 and 3-azido-7-methoxycoumarin 2 were synthesised as reported in the literature [1] [2] [3] [4] [5] [6] and used in the synthesis of 4 and pinacol protected compound 5, denoted 5-P via the Steps 1-3 described below.
Step 1 were added to the solution and continuously stirred at room temperature overnight. After the reaction finished, the mixture was poured into water to form the precipitate. The precipitate was then washed with water and dried under reduced pressure to give the coumarin fluorophore 3 (0.415 g, 80 % as crude yield). The compound was characterised by 1 H NMR (CDCl 3 , Figure S1 ) and ESI MS (3: Step
2: Synthesis of Coumarin Intermediate 4 using N-Boc-ethylenediamine
This method to access N-Boc-ethylenediamine was used as modified from the literature. 8, 25.00, 28.4, 28.5, 29.7, 46.0, 56.0, 83.7, 83.9, 100.7, 111.6, 114.1, 120.3, 125.7, 126.1, 126.2, 126.3, 127.6, 128.8, 129.5, 129.8, 130.0, 130.5, 131.3, 133.6, 135.5, 136.3, 143.8, 154.7, 156.2, 163. 
ESI-MS data
Figure S 6. ESI-MS spectrum of compound 3.
[M+H] Confocal images were recorded immediately afterwards.
For the lysososme staining assays, two different commercial dyes were used: Lysotracker red and Lysotracker green. The excitation wavelengths for these Lysotracker dyes used were 577 nm and 488 nm respectively. The stock solution available from the supplier (Invitrogen) was 1 mM. For co-localisation experiments, 20 µL of this stock was dissolved into 980 µL DMSO to obtain 20 µM diluted solutions ready for use. Cells were washed five times with HBSS, and then plates were refilled with 990 µL SFM. 5 µL of the 20 µM stock solution was prepared as above and were added to the 995 µL SFM to make a 100 nM final concentration on the cell plate.
Cells were incubated for 30 to 120 minutes then washed three times with HBSS. Plates were refilled with 1 mL SFM to take control images of lysosomes stained cells. Then, cells were washed with HBSS and refilled with fresh SFM and the desired compound for co-localisation images were loaded. After 15 min incubation with the compound, cells were washed three times with HBSS and refilled with fresh SFM (1 mL). Confocal images were recorded immediately afterwards.
Confocal Fluorescence imaging in living cells:
Control experiments:
Figure S 10. Single-photon laser-scanning confocal microscopy images of PC3 cells incubated with 1% DMSO, at 37 ºC for 15 minutes; λ ex = 405 nm (a1-a5), λ ex = 488nm (b1-b5) and λ ex = 561 nm (c1-c5).
Overlapping of the DIC, blue, green and red channels (a1, b1, c1) Blue channel, λ em = 420-480 nm (a2, b2, c2), green channel, λ em = 516-530 nm (a3, b3, c3), red channel λ em = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5). Scale bar: 50 µm.
Figure S 11. Single-photon laser-scanning confocal microscopy images of HeLa cells incubated with 1%
DMSO, at 37 ºC for 15 minutes; λ ex = 405 nm (a1-a5), λ ex = 488nm (b1-b5) and λ ex = 561 nm (c1-c5).
Overlapping of the DIC, blue, green and red channels (a1, b1, c1) Blue channel, λ em = 420-480 nm (a2, b2, c2), green channel, λ em = 516-530 nm (a3, b3, c3), red channel λ em = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5). Scale bar: 50 µm. nM MitoTracker™ Green FM from ThermoFisher Scientific in 1% DMSO at 37 ºC for 15 minutes; λ ex = 405 nm (a1-a5), λ ex = 488nm (b1-b5) and λ ex = 561 nm (c1-c5). Overlapping of the DIC, blue, green and red channels (a1, b1, c1) Blue channel, λ em = 420-480 nm (a2, b2, c2), green channel, λ em = 516-530 nm (a3, b3, c3), red channel λ em = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5).
Scale bar: 50 µm. λ ex = 488nm (b1-b5) and λ ex = 561 nm (c1-c5). Overlapping of the DIC, blue, green and red channels (a1, b1, c1) Blue channel, λ em = 420-480 nm (a2, b2, c2), green channel, λ em = 516-530 nm (a3, b3, c3), red channel λ em = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5). Scale bar: 50 µm.
Confocal fluorescence imaging of 5-P and corresponding 5@beta-D-glucan in cancer cell lines:
Figure S 16. Single-photon laser-scanning confocal microscopy images of HeLa cells incubated with compound 5-P (10 µM in 0.5: 99.5% DMSO : RPMI) at 4 ºC for 15 minutes; λ ex = 405 nm (a1-a5), λ ex = 488nm (b1-b5) and λ ex = 561 nm (c1-c5). Overlapping of the DIC, blue, green and red channels (a1, b1, c1) Blue channel, λ em = 420-480 nm (a2, b2, c2), green channel, λ em = 516-530 nm (a3, b3, c3), red channel λ em = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5). Scale bar: 50 µm. the complex 5@β-D-glucan (10 μg/mL 0.5:99.5% DMSO : RPMI) at 4 ºC for 15 minutes; λex = 405 nm (a1-a5), λex = 488nm (b1-b5) and λex = 561 nm (c1-c5). Overlapping of the DIC, blue, green and red channels (a1, b1, c1) Blue channel, λem = 420-480 nm (a2, b2, c2), green channel, λem = 516-530 nm (a3, b3, c3), red channel λem = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5). Scale bar: 50 μm. (b1-b5) and λex = 561 nm (c1-c5). Overlapping of the DIC, blue, green and red channels (a1, b1, c1)
Blue channel, λem = 420-480 nm (a2, b2, c2), green channel, λem = 516-530 nm (a3, b3, c3), red channel λem = 615-650 nm (a4, b4, c4), and and DIC channel (a5, b5, c5). Scale bar: 50 μm.
Figure S 25. Expansion of images recorded at the HeLa uptake of compound 5-P, co-incubated with
Mitotracker dye (compound 5-P, 100 µM 0.5: 99.5% DMSO : RPMI incubated at 37 ºC for 15 minutes, and co-localised with the commercial dye whereby HeLa cells were pre-incubated 200 nM MitoTracker™ Green FM from ThermoFisher Scientific in 1% DMSO at 37 ºC for 15 minutes).
Merged images of the blue, red channels and DIC. Excitation wavelength 405 nm (λ em = 420-480 nm) and the red channel excitation: 561 nm, emission 615-650 nm.
Confocal Fluorescence imaging of 5-P and corresponding 5@β-D-glucan complex in healthy cell lines:
Figure S 26. Single-photon laser-scanning confocal microscopy images of FEK4 cells incubated with compound 5-P (100 µM in 0.5: 99.5% DMSO : RPMI) at 37 ºC for 15 minutes; λ ex = 405 nm (a1-a5).
Overlapping of the DIC, blue, green and red channels (a1,) Blue channel, λ em = 420-480 nm (a2), green channel, λ em = 516-530 nm (a3), red channel λ em = 615-650 nm (a4), and and DIC channel (a5). Scale bar: 50 µm. Laser-scanning confocal microscopy images (a1-a5) and super-resolution airyscan confocal microscopy images (b1-b5), λ ex = 405 nm, DIC channel (a1 and b1), Blue channel (a2 and b2), Green channel (a3 and b3), red channel (a4 and b4) and overlapping image of DIC, blue, green and red channel (a5 and b5). Scale bar: 10 µm.
Multi-photon fluorescence lifetime imaging microscopy (FLIM)
Fluorescence lifetime experiments were carried out at the Rutherford Appleton Laboratory. Laser light at a wavelength of 580-630 nm was obtained from an optical parametric oscillator pumped by a mode-locked Mira titanium sapphire laser (Coherent Lasers Ltd) producing 180 fs pulses at 75 MHz.
this laser was pumped by solid-state continuous wave 532 nm laser (Verdi V18, Coherent Laser Ltd).
The oscillator fundamental output of 810 ± 2 was also used.
The laser beam was focused to a diffraction limited spot through a water immersion ultraviolet corrected objective (Nikon VC ×60, NA1.2) and specimens illuminated at the microscope stage of a modified Nikon TE2000-U with UV transmitting optics. The focused laser spot was raster scanned using an X-Y galvanometer (GSI Lumonics). Fluorescence emission was collected without de-scanning, bypassing the scanning system and passed through a coloured glass (BG39) The χ 2 value of 1.0 indicates an optimal single exponential fit, whilst χ 2 value of more than 1.3
indicates an incomplete single exponential fit. As such, curves were subsequently fitted to two components. Lifetimes calculations were obtained using Becker and Hickl SPCImage analysis software. water and stirred until all solid dissolved. The final pH was adjusted to 8.21 by using a sensitive pH meter. The buffer solution was stored in a dark cool place before use. To prepare a beta-D-glucan 1mg/ml stock solution: 6mg of glucan was measured and dissolved into either 6 ml of phosphate buffer or 6 mL of DMSO to make 1mg/ml stock solutions. Glucan has a poor solubility in DMSO and PBS, hence, gentle heating was required make sure all glucan dissolves. A solution of compound 5-P (1×10 -5 M) was prepared in 100 mL phosphate buffer solution. After a reading in fluorescence emission (excitation at either 350 nm or 430 nm), the saccharide solution (1 mg/mL in either PB, or DMSO) was added accumulatively from 10 µL to 855 µL. After each addition of glucan, a same volume of mixture was removed from the system to make the total volume constant. The mixture was under stirring constantly and the saccharide solution was added in 10 minute interval, and fluorescence spectra recorded under 1P excitation conditions. A similar method was applied for the 2P excitation experiments, however the available 2P laser excitation was 810 nm (8 mW power). 
Alternative fitting models for the formation of compound 5@ β-D-glucan
A model that described the different possible arrangements of two given molecular species resulting in an intricate set of self-assembled ordering systems has been reported by Jabbari-Farouji and van der Schoot. 4 For the purposes of simplicity in assessing the interaction between compound 5 and β-D-glucan, we have restricted the discussion to the of the 1:1, 1:2 and 2:1 complexes according to the isotherm binding models proposed by Thordarson. 5 The host-guest fluorescence titration was carried out by using β-D-glucan (termed Guest) and compound 5 (termed Host). The formation of HG 1:1 stoichiometry can be described by the following bimolecular equilibrium:
The stepwise binding 1:1 constants, therefore, can be defined as:
The mathematical model associated with fluorescence titrations and used to obtain the binding constant was developed by correlating the [HG] to the variation of fluorescence intensity (ΔI obs ).
The derivation of the equation for 1 : 2 equilibrium can be summarised in the equation (4), (5) and (6) .
The derivation of the equation for 2 : 1 equilibria can be summarised in the equation (7), (8) and (9).
With ΔI obs = I obs -I 0 and k ΔHG is the rate constant for the fluorescence process associated with the formation of the HG complex. In these experiments, a stock solution of compound 5 (1 × 10 -7 M) and 
Cellular viability assays by MTT in J774.2 Cell Line
Cells cultured as per the general methods published by us, and others, 7 and described above were seeded on 96 well plates (7 x 10 4 cells mL -1 ) and left for 48 h to adhere fully. All steps were carried out in the absence of phenol red. For IC 50 estimations by MTT assays, cells were incubated with 5 and 5@β-D-glucan for 48 h at 37 ˚C. Concentrations used were 10 µg/mL, 1 µg/mL, 0.5 µg/mL, 0.1 µg/mL, 10 ng/mL, 5 ng/mL, 1 ng/mL, 0.1 ng/mL (1% DMSO, 99% DMEM medium containing 10% FCS at standard concentration of the cell line). Subsequently, cells were washed three times with PBS and 100 µL of MTT were added (0.5 mg mL -1 , 10% PBS:SFM) followed by a 2 h incubation. Following aspiration, 100 µL of compound of different concentrations (1% DMSO) were added and 96 well plates were read at an ELISA plate reader, Fluostar Omega BMGLabTech. Data were obtained from at least three consistent results and IC 50 was calculated using Origin 9 as half the height of the fitted curve for 
